Estimation of the infectivity of the agent of guinea-pig inclusion conjunctivitis for irradiated McCoy cells, assayed as inclusion-forming units, was influenced by the age of cells after irradiation, the maturation time of the inclusions, the centrifugal force and the centrifugation temperature. Agent passaged through irradiated McCoy cells or guinea-pig conjunctivae showed a greater capacity to infect irradiated McCoy cells without centrifuging than agent grown in a chick embryo. The nature of the change and the mechanism of infectivity enhancement by centrifuging are discussed.
brand; Becton, Dickinson UK, Wembley, Middlesex) in growth medium at 35 "C in air/ CO, (95 : 5, v/v) until confluent. Growth medium was Eagle's MEM (Gibco-Biocult), with glutamine, buffered with Earle's balanced salts solutionr(Gibco-Biocult) and supplemented with 10 yo (v/v) heated (56 "C; 60 min) foetal bovine serum, streptomycin (100 ,ug ml-l) and vancomycin (100 pg ml-l). Cells were passaged and harvested as described by Darougar et al. (1972) .
Irradiation of McCoy cells and monolayer preparation. Suspensions containing approx. 2 x 106 cells ml-l were subjected to 5000 rad X-irradiation (Pantak special 300 kV X-ray unit; Pantak, Windsor, Berkshire), hardened by passage through a 0.17 mm-thick copper filter (half value thickness, 1-5 mm). After irradiation, suspensions were diluted to 105 cells ml-l in growth medium and I ml portions were inoculated into plastic bottles (Bijou, 7 ml; Sterilin, Richmond, Surrey) containing 13 mm diam. coverslips (no. I thickness; Chance Propper, Smethwick, Worcestershire) which had been soaked in Lipsol (Laboratory, Industrial and Pharmaceutical Services, Shipley, Yorkshire), thoroughly rinsed in distilled water and stored under methanol. The cell monolayers were incubated at 35 "C in airlC0, (95 : 5, v/v) until use 4 to 8 days later.
Titration of gp-ic infectivity in irradiated McCoy cells. Dilutions of gp-ic in Hanks
balanced salts solution containing 10 % (v/v) foetal bovine serum were inoculated (0.2 ml) on to three replicate monolayers from which the growth medium had been removed. The monolayers (in Bijou bottles) were centrifuged for 60 min at 2150 g and 35 "C, unless otherwise stated, in a Mistral 6L centrifuge (M.S.E., Crawley, Sussex). In certain experiments, for forces above 2150 g, an M.S.E. High speed 18 centrifuge with an 8 x 5 ml swing-out rotor at 30 "C was used. Immediately after centrifuging, the inoculum was removed and replaced with growth medium containing glucose (5.4 mg ml-l). Infected monolayers were incubated at 35 "C for 26 to 30 h, rinsed in phosphate-buffered saline pH 7.3, fixed in methanol and stored until stained in May-Grunwald-Giemsa. The monolayers were examined microscopically at 300 x to 500 x magnification. The number of inclusions in a minimum of 30 microscope fields on each coverslip was noted and the infectivity of the inoculum calculated as i.f.u. ml-l from the mean inclusion number per field and-the ratio of the area of the internal cross-section of the Bijou bottle to that of the microscope field (at the magnification used). 
RESULTS

Development of gp-ic inclusions
No inclusions were detected in unirradiated McCoy or HeLa cell monolayers inoculated with gp-ic ; occasional inclusions were seen in BHK-2 I cells. However, glycogen-negative diffuse inclusions, typical of C. psittaci, were frequently observed in irradiated McCoy cells. The inclusions were evident by 16 h after inoculation and grew in size thereafter. By 48 h, the inclusions frequently occupied half to two-thirds of the cytoplasm of infected cells; but fewer inclusions were detected at 40 or 48 h than at 30 h. Since the titration method was based on inclusion counts, it was necessary to define the time for visualizing the maximum number of inclusions. Replicate monolayers were therefore inoculated with gp-ic, incubated, and at intervals fixed, stained and examined for the presence of inclusions. Since it was possible that at 40 or 48 h some inclusions might have burst and released infective agent into the medium, supernatants from four monolayers were pooled and titrated for infectivity (Fig. I) . There was an initial rise in the number of inclusions observed; inclusions at 17 h were relatively difficult to discern. The maximum number of inclusions was observed at 28 h (in other experiments, no significant difference was found between 26 and 30 h). The subsequent decline in the number of inclusions observed was accompanied by increasing amounts of gp-ic in the supernatant, suggesting that release of gp-ic was occurring. By 48 h, only about 10 % of the maximum number of inclusions remained, but these were very large; the monolayer was damaged, many cells had been lost and many of those that were infected were degenerating. In subsequent experiments, all inclusion counts were done on cells fixed between 26 and 30 h after inoculation.
Titration conditions Inoculation medium.
In preliminary experiments, no difference in the titre of gp-ic was found if either Eagle's MEM or Hanks balanced salts solution was used. A variable reduction in titre occurred if the inoculation medium did not contain protein, but there were no significant differences in titre when 10% (v/v) Disappearance of inoculum infectivity from the medium above monolayers with increasing centrifugation time. Monolayers inoculated with gp-ic were centrifuged at 2150 g at 35 "C and, at intervals, supernatants were removed and assayed for residual infectivity. Gpic inocula were centrifuged on to monolayers for 60 min. The supernatants from four monolayers were then pooled and titrated for residual infectivity.
Centrifugal force Temperature Inoculum in supernatant Centrifugation time. Gp-ic was centrifuged on to replicate monolayers for different times. After each time, monolayers were .removed and incubated to allow inclusions to develop, and medium supernatants were titrated for residual infectivity by centrifuging for 60 min on to fresh monolayers. Residual supernatant infectivity, as a percentage of the summed monolayer and supernatant titres at each time, was I I '7 yo and 3-2 Yo after centrifuging for 60 and 120 min, respectively (Fig. 2 ) .
Centrifugal force. Forces from IOO g to 9660 g were applied. Increased centrifugal force raised the inoculum titre (Fig. 3) ; but increases in titre at forces above 1000 g were small.
Temperature. After centrifuging for I h at 4 "C, more than 80 % of the inoculum remained in the supernatant (Table I) , even when a high centrifugal force (9660g) was applied. At 35 "C, this was reduced to 16%.
Condition of McCoy cells Irradiation dose.
Neither varying the dose between 2500 and 7000 rad, nor varying the cell suspension concentration from I x 105 to 9-3 x 105 cells ml-l, resulted in significant differences in susceptibility to gp-ic infection. There was a tendency for some cells given 2500 rad to begin to proliferate after several days in culture. For this reason, cell suspensions were routinely given 5000 rad.
Gp-ic titration in irradiated cells
Susceptibility of cells after irradiation.
Cells irradiated in suspension were tested between I and 10 days after seeding out on to coverslips for their susceptibility to stock samples of gp-ic or MRC4f -a strain of C. trachornatis which readily infects both unirradiated and irradiated McCoy cells (Blyth & Taverne, 1974) . During this time, agent samples were kept at o "C without loss of infectivity as judged by assay in embryonated eggs. Susceptibility to gp-ic infection rose over the first 3 to 4 days after irradiation (Fig. 4) , levelled out and then declined after 8 days; susceptibility to M R C~~ varied little over the same period. The decline in susceptibility to both chlamydiae after 8 days was concomitant with the general decline in the health of the cells on the coverslips. Cells irradiated in suspension were more susceptible to gp-ic than cells irradiated as a monolayer by the method of Gordon et a/. (1969) , and also retained their healthy appearance for longer.
Infectivity measurement Sensitivity.
A purified yolk-sac preparation of gp-ic stored at -70 "C for 6 months with a particle count (Reeve & Taverne, 1962 ) of 1.5 x 109 particles ml-l titrated in cells at 2-45 x IO* i.f.u. ml-l, and in eggs at 6.1 x IO* ELD,, ml-l.
Precision. Eighteen monolayers were inoculated with gp-ic such that less than 5 yo of the cells were infected. The mean count was 2-83 inclusions per field, with 3'25% standard error. In routine work, three coverslips were counted (standard error, 8 yo).
Dose variation. From a stock suspension, eight dilutions containing between 2 x 103 and 1.2 x 105 i.f.u. ml-l were titrated. The number of inclusions formed was inversely proportional to the gp-ic dilution inoculated (Fig. 5) . Departure from linearity with increasing dose could only be partly ascribed to multiple cell infection (25% of the monolayer cells were infected at the highest inoculum). In routine work, assays were arranged so that generally I to 10% of the cells were infected. 
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Characteristics of cell-grown gp-ic
In early experiments, some infected cultures were examined either at 30 h or at 66 h after inoculation. In the 66 h cultures, there were about twice as many inclusions as at 30 h. The majority of the inclusions at 66 h were relatively small, resembling those normally seenat 30 h; about 10 % of the inclusions were large, resembling those seen at 48 h. The increased number of inclusions at 66 h and their 'young' appearance suggested that a second cycle of growth may have occurred in the cells, without centrifuging, and therefore that the progeny of the first growth cycle had altered properties. To test this, the supernatants from four 48 h infected cultures were pooled and inoculated on to six fresh monolayers; three of these were centrifuged and three were kept stationary at 35 "C for I h. After 30 h incubation, inclusion counts were made and the ratio of the inclusions in centrifuged and stationary monolayers was calculated. Egg-grown gp-ic, egg-grown gp-ic after purification, and gp-ic taken from the conjunctiva of an infected guinea pig were also tested. Egg-grown gp-ic had substantially less capacity to infect cells in stationary incubation than either guinea-pig derived or McCoy-cell derived gp-ic (Table 2 ).
DISCUSSION
Our results confirm those of Treharne (1971) that gp-ic grows in irradiated McCoy cells after centrifuging with a sensitivity of detection similar to that of eggs (particle :infectivity ratio in cells, 6.1 : I ; in eggs, 2.4: I). One growth cycle appeared to be complete in about 30 h at 35 "C; this is similar to the growth cycle time of other C. psittdci strains in tissue culture (Litwin, 1959; Litwin et al., 1961) . The optimum incubation time for counting inclusions was 26 to 30 h; between these times the inclusions were large enough to be seen readily, but little release of agent from infected cells had occurred; detection of inclusions was also aided by the increase in cell size occurring after irradiation.
The very low infectivity of gp-ic for BHK-21 cells and the apparent insusceptibility of HeLa and unirradiated McCoy cells is in marked contrast to the equivalent sensitivity to TRIC agents of HeLa, BHK-21 and irradiated McCoy cells (Blyth & Taverne, 1974) . The X-ray dose required to render McCoy cells susceptible to gp-ic did not appear to be critical. McCoy cells are more resistant to radiation than BHK-21 cells (Blyth & Taverne, 1974) and L cells, but HeLa cells like McCoy cells, withstand 5000 rad (unpublished). There seems no reason to suppose that susceptibility to gp-ic induced by irradiation could not be achieved in these other cell lines with appropriate radiation dose. The increase in McCoy cell susceptibility, which stabilized 3 to 4 days after irradiation (Fig. 4) , did not occur at the same time
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255 as enlargement of the cell; the latter was usually complete in 2 days. The lack of increase in susceptibility with age after irradiation, for M R C~~, is consistent with the inherent susceptibility of both irradiated and unirradiated McCoy cells to M R C~~ infection (Blyth & Taverne, 1974) . The nature of the changes after irradiation which render McCoy cells susceptible to gp-ic is not known.
The application of increasing centrifugal force up to 1000 g enhanced inclusion titres; above this, the titres were not significantly different. Dependence on temperature and centrifugal force for maximal infectivity in cell cultures is common for many chlamydiae and has not so far been explained. Low infectivity titres in stationary incubation conditions, with substantial enhancement by centrifuging, as described here for gp-ic (Table 2) , have been attributed to low adsorption (Reeve & Taverne, 1967) . Such chlamydiae evidently do not exhibit the temperature-independent adsorption shown by most other intracellular parasites.
The presence of a large proportion of the inoculum in the medium after centrifuging at 4 "C (Table I ) implies that a temperature-dependent event occurs during the application of the centrifugal force which leads to irreversible association of particles with cells. This event might be particle uptake into the cells, or a temperature-dependent adsorption with particle entry occurring during subsequent incubation. Temperature-dependent adsorption has been reported for rickettsiae (Ramm & Winkler, 1973) , and the data of Friis (1972) imply that the chlamydia1 agent of meningopneumonitis showed temperature-dependent adsorption during entry into L cells, although without centrifuging. In view of the requirement for centrifugal force, as well as the temperature dependence, in gp-ic infection of McCoy cells, a more plausible explanation would be that centrifugation brings particles into close proximity with the McCoy cell membrane but that irreversible association occurs only as a result of temperature-dependent uptake. The latter would accord with the relatively long time needed for more than 95 % of the inoculum to be removed from the medium.
Gp-ic passaged through McCoy cells or guinea-pig conjunctivae had a greater capacity to infect cells without centrifuging than had gp-ic derived from eggs (Table 2) . Reducing the amount of contaminating yolk-sac material (purified versus unpurified gp-ic preparation) did not affect the result. The increased infectivity in stationary incubation of McCoy-cell or guinea-pig grown agent seems likely to depend on surface changes in gp-ic particles resulting in increased adsorption. Such adaptation could be due to selection or, conceivably, to some form of host-cell induced modification. This question is being investigated.
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